There is a variety of approaches to reduce the complexity of the proteome on the basis of functional small molecule-protein interactions such as affinity chromatography 1 or Activity Based Protein Profiling 2 . Trifunctional Capture Compounds (CCs, Figure 1A ) 3 are the basis for a generic approach, in which the initial equilibrium-driven interaction between a small molecule probe (the selectivity function, here S-adenosyl-Lhomocysteine, SAH, Figure 1A ) and target proteins is irreversibly fixed upon photo-crosslinking between an independent photo-activable reactivity function (here a phenylazide) of the CC and the surface of the target proteins. The sorting function (here biotin) serves to isolate the CC -protein conjugates from complex biological mixtures with the help of a solid phase (here streptavidin magnetic beads). Two configurations of the experiments are possible: "off-bead" 4 or the presently described "on-bead" configuration ( Figure 1B ). The selectivity function may be virtually any small molecule of interest (substrates, inhibitors, drug molecules).
, RNA 8 , proteins 9 , or small molecules 10 . Given the crucial role of methylation reactions in diverse physiological scenarios (gene regulation, epigenetics, metabolism), the profiling of MTases can be expected to become of similar importance in functional proteomics as the profiling of kinases. Analytical tools for their profiling, however, have not been available. We recently introduced a CC with SAH as selectivity group to fill this technological gap ( Figure 1A) .
SAH, the product of SAM after methyl transfer, is a known general MTase product inhibitor 11 . For this reason and because the natural cofactor SAM is used by further enzymes transferring other parts of the cofactor or initiating radical reactions as well as because of its chemical instability 12 , SAH is an ideal selectivity function for a CC to target MTases. Here, we report the utility of the SAH-CC and CCMS by profiling MTases and other SAH-binding proteins from the strain DH5α of Escherichia coli (E. coli), one of the best-characterized prokaryotes, which has served as the preferred model organism in countless biochemical, biological, and biotechnological studies. Photo-activated crosslinking enhances yield and sensitivity of the experiment, and the specificity can be readily tested for in competition experiments using an excess of free SAH.
1. For the capture experiments, the SAH caproKit (caprotec bioanalytics GmbH) was used, which includes the SAH-CC, free SAH as competitor, streptavidin-coated magnetic beads with 1 μm diameter (Dynabeads MyOne Streptavidin C1, Invitrogen Dynal), 5X capture buffer (5X CB, containing 100 mM HEPES, 250 mM potassium acetate, 50 mM magnesium acetate and 50% glycerol), and 5X wash buffer (5X WB, containing 250 mM Tris HCl, pH 7.5, 5 mM EDTA, 5 M NaCl, 42.5 μM octyl-β-D -glucopyranoside). 2. For several parallel experiments it is recommended to prepare a master mix of water, capture buffer and E. coli lysate and to perform reactions within different tubes of one 200 μL-PCR tube strip (recommended 0.2 mL Thermo-Strip, Thermo Scientific, AB-1114). Here, quantities for one reaction tube are given. Results for five different experiments will be presented, which are capture assay (A), competition control (C), pulldown (PD), competition control of pulldown (CPD), and combined capture assay plus pulldown (A+PD). 3. For each reaction, prepare 1.5 mL 1X WB by adding 0.3 mL 5X WB to 1.2 mL of Milli-Q water. 4. Prepare SAH-CC loaded streptavidin-coated magnetic beads (caproBeads) in 200 μL PCR tube strips. Therefore, mix 25 μL of 100 μM SAH-CC with 50 μL of 10 mg/ml streptavidin-coated magnetic beads for each aliquot, vigorously shake the resulting suspensions at room temperature for 2 min to allow binding of the biotin moiety of the SAH-CC to the streptavidin on the magnetic bead surface, and collect the beads using a strong magnet (e.g. in the caps of the PCR tube strips using the caproMagTM magnetic device, caprotec bioanalytics GmbH). Discard the supernatants, re-suspend the resulting caproBeads in 200 μL WB, magnetically collect the caproBeads (in the caps of the PCR tube strips), and discard the supernating WB. Close tubes to avoid drying of the beads. 5. Prepare aliquots of E.coli DH5α whole cell lysate in new PCR tubes at 0-4°C using a master mix (see 2.2). For one reaction, supplement a volume of Milli-Q water for a final reaction mix volume of 100 μL with 20 μL 5X CB. Mix, add 0.26 mg E. coli lysate, and gently mix by inversion. Only for C and CPD, add 20 μL 10 mM SAH competitor solution and gently mix by inversion (add Milli-Q water instead of SAH solution to A, PD, and A+PD). Draw a 1 μL sample from A for further analysis (see below). 6. Suspend the caproBeads in the respective lysate and incubate for 3 h at 4°C keeping the beads in suspension by rotation to allow reversible binding of SAH binding proteins to the SAH selectivity function of the SAH-CC. 7. Place the suspensions A, C, and A+PD in the caproBoxTM (device for irradiating biochemical samples with UV light and simultaneously cooling, caprotec bioanalytics GmbH) and irradiate for a total time of 30 min in the closed tubes between 0-4°C to form a covalent crosslink between the reactivity function of the SAH-CC to the SAH binding proteins. Therefore, remove the suspensions after irradiation intervals of 2.5 min, respectively, from the caproBoxTM, cool in ice water for ~15 s (especially the lids), mix several times by inversion, very shortly (~2 s) centrifuge to remove suspension remaining in the lids, and place back into the caproBoxTM for the next irradiation interval. 8. Add 20 μL 10 mM SAH solution to A, or 20 μL Milli-Q water to C, PD, CPD, and A+PD and incubate the suspension for 10 min at 4°C to displace, in A, SAH binding proteins not crosslinked to the SAH-CC. Keep the beads in suspension by rotation or by intermittent manual resuspension. 9. Collect the caproBeads from the suspensions using a strong magnet (e.g. the caproMagTM), discard the supernatants, and wash the beads six times -by re-suspension and collection -with 200 μL 1X WB and once with 200 μL Milli-Q water. 10. The beads can be stored in Milli-Q water for several weeks at 4°C. Alternative protocols exist for further processing of the captured proteins and their identification (see discussion). 11. Wash the beads three times with 200 μL 60% acetonitrile (ACN) and release the captured proteins from the beads by 10 min incubation at room temperature under vigorous shaking with 200 μL 60% ACN/0.2% trifluoroacetic acid (TFA) (prepare freshly). Use LC-MS-grade reagents and water. 12. Magnetically collect the beads, separate and evaporate the supernatant to dryness using a centrifugal evaporator (e.g. MiVac DNA concentrator from GeneVac, Inc., UK). Discard the beads. tyrosine; oxidation of methionines; deamidation at asparagines and glutamine; acetylation at lysine and serine; formylation at lysine; and methylation at arginine, lysine, serine, threonine, and asparagine. Do not use fixed modifications in the database search. 4. Load srf or dta and out files generated by SEQUEST into the Scaffold 3, which performs probability assessment of peptide assignments and protein identifications by combining SEQUEST and X!Tandem database searches. Scaffold is useful for easily comparing and visualizing protein lists from several samples (in the present case A, C, PD, CPD, and A+PD). 5. Set the parameters within the Scaffold 3 software to consider only peptides with ≥ 95% probability as specified by the Peptide Prophet algorithm (ref. 13 ). Set protein identification probabilities for multiple peptide assignments to ≥ 95% according to the Protein Prophet algorithm 13 .For single peptide protein identifications, arbitrarily set protein probability to ≥ 50% and manually inspect the corresponding peptide MS/MS spectra. Proteins that comprise similar peptides and could not be differentiated based on MS/MS analysis alone are grouped by the software to satisfy the principles of parsimony. The estimated false discovery rate of peptide identifications can be determined using the reversed protein database approach and should be < 1%. 6 . Representative results of CCMS experiments are given in Tables 1, 2, and Supplementary Table S1 (mind that the protein database is not upto-date for some proteins, e.g. PrmB (aka YfcB) or RsmH (aka MraW)), as well as in Figure 3 . 2 . Much more MTases and other SAH binding proteins are identified in the CCMS assay (A) compared to the pulldown (PD) and SAH specificity is shown by the almost complete absence of these proteins in the competition control (C). Total number of identified proteins in the CCMS runs and protein overlap between the runs. The number of proteins identified with at least 2 peptides are given in parentheses. The high reproducibility of the method can be inferred from the high protein overlap (of mainly unspecific proteins) between comparable experiments (A vs. C and especially A vs. A+PD but also PD vs. CPD) especially with the proteins robustly identified with at least 2 peptides. See also Figure 3 for Venn diagrams and Supplementary Table S1 for a list of all identified proteins. Figure 1B) . The lane description is given on top of the gel (MW: molecular weight marker with the corresponding molecular weights of the marker bands given to the very right; L: 0.25% sample drawn from the E. coli DH5a whole cell lysate before adding the caproBeads in step b in Figure 1B ; A: assay with addition of an excess of free SAH after UV irradiation step d in Figure 1B ; C: control of assay including an excess of free SAH as competitor during steps c and d in Figure 1B (essential to determine any non-specifically captured proteins); PD: pulldown meaning no UV irradiation step d in Figure 1B and no addition of free SAH; CPD: control of pulldown using SAH as competitor; A+PD: combined assay plus pulldown meaning no addition of free SAH during the workflow). Proteins identified by MS from cut-out protein gel bands after in-gel tryptic digest are given to the very leftt. It is evident that photo-crosslinking enhances yield and sensitivity of the experiment, and the specificity can be readily tested for in competition experiments using an excess of free SAH. See Table 1 for MTases and other selected proteins identified by CCMS experiments of duplicate samples of those shown in the present figure. Table 2 and Supplementary Table S1 . The number of proteins identified with at least 2 peptides are given in parentheses.
3) SDS-PAGE of Captured Proteins

8) Representative Results
Discussion
The following precautions and comments may be useful when following the described protocol: a) A major advantage of CCs lies in the formation of a covalent bond between the CC and the MTase, as this permits subsequent stringent washing conditions. The covalent crosslink is achieved by a photoreaction triggered by UV light (310 nm max.). Normal overhead light contains only a small fraction of UV, however, protect the SAH-CC from longer exposure to overhead or even sun light up to the controlled and cooled irradiation in the caproBox. b) The biological samples from which the MTases are to be isolated may contain proteins prone to denaturation, consequently it is mandatory to keep the samples cool and to avoid frothing at all times. c) The caproBox cools the samples to 0-4 °C, the lamps emitting the UV light, however, also emit heat. Therefore it is necessary to briefly centrifuge the vials before irradiation, so proteins adhering to the caps or vial walls cannot form precipitation seeds. d) If re-suspension of the magnetic beads (e.g. in the wash solutions) is not possible by hand, shortly apply ultrasound by placing the samples into an ultrasound bath. e) Freshly prepare the 0.2% TFA/60 %ACN solution. We found that otherwise the captured proteins may not be cleaved from the beads. f) The final analysis of captured proteins is carried out by LC-MS/MS. Mass spectrometry is a highly sensitive method. It is necessary to use exclusively LC-MS grade reagents in the final steps (step 2.11 and further). Avoid contamination of the experiments by external protein sources, e.g. keratin originating from dust or from the experimenter. Particularly during the final digestion steps, it is recommended to pay attention to a clean work space, to wear gloves and a lab coat and possibly a hair net or ideally perform the final steps under a clean bench. Prepare the 50 mM ammonium bicarbonate buffer used for tryptic digest in LC MS grade water, filter through 0.22 μm filter, aliquot, store at -20°C, and use each aliquot only once to avoid contaminations. The trypsin solution (sequencing grade, Roche, prepare a 0.5 μg/μl solution by adding 1 mM HCl to lyophilized trypsin) can be stored at 4°C for several weeks. g) To obtain reliable mass spectra it is essential to have a stable spray in ESI-MS/MS analysis. h) For other LC-MS/MS systems than the one used in the present study, measurement parameters and peptide identification algorithms must be adjusted individually.
The following modifications are possible with respect to the described protocol: a) Alternatively to releasing the proteins from the beads by 60% ACN/0.2% TFA (step 2.11), the proteins can be directly tryptically digested within a bead suspension (same volumes as in step 5.1) or, for SDS-PAGE, the proteins can be released by suspending and heating the beads collected after step 2.9 to 95°C for 10 min in SDS sample buffer (both, the whole suspension or only the supernatant can be loaded into the gel pocket). We found that the beads slowly release small amounts of polymer into the aqueous tryptic digest solution during on-bead tryptic digest even after several aqueous wash steps. The polymer contamination interferes with MS peptide identification and can be washed off the beads using 80% ACN (at least three times). After the 80% ACN wash steps, the beads should be washed once with water prior to on-bead tryptic digest. b) Western blots using streptavidin-horseraddish peroxidase and ECL substrate can also be used to visualize successful crosslinking of the biotin containing CC to the proteins. Therefore, either the gel obtained after step 3.2 can be blotted or, because the sensitivity is about 10-fold higher than silver staining of gels, 10 μl samples after step 2.7 may also be analyzed by western blot. Mind that in the latter case endogeneously biotinylated proteins will also be detected besides the proteins artificially biotinylated by the SAH-CC. c) We found that it depends on the special system (lysate, addressed target proteins, selectivity and reactivity function of he CC), whether the "off-bead" configuration, where the crosslinking reaction takes place between free CC and protein in solution 4 or the presently described "on-bead" configuration ( Figure 1B ) performs better.
In general, the method should also be compatible with any state-of-the art stable isotope protein or peptide labelling technology, or assessment of the capture sample by 2D gel electrophoresis. In the "off-bead" configuration, it is also possible to capture proteins within whole cells (unpublished results). Furthermore, the drug or cofactor binding site of a protein can be outlined by determining the close-by crosslinking position of the CC within the protein sequence by MS peptide sequencing. The binding mode of a small molecule to a protein can be explored by using different chemical attachment positions at the selectivity function and different linker lengths. As shown in the present study, also protein binding partners of the proteins addressed by the selectivity function (RplK as substrate of PrmA) or unknown small molecule protein interactions (SAH to GlnA) can be identified. Summarized, the additional feature of the CCs, the photo-crosslinking reactivity, allows for the isolation and identification of low abundant proteins or functional protein families from complex protein mixtures with high sensitivity and provides scientists with an additional tool for studying small molecule -protein interactions.
